B
y primarily focusing on the distribution of gambling and gambling disorders, the epidemiologic study of gambling has progressed along the same initial path as most psychiatric epidemiology. Now, this field faces divergent roads. Down one is the extension of the well-travelled path of prevalence studies in geopolitical areas (for example, nations, states, and provinces) and targets of opportunity (for example, schools, organizations, and local groups). Down the other-the road less travelled-lies a turn toward studies of gambling determinants.
A vast assortment of games of chance have existed throughout recorded history; however, the 20th century has seen remarkable growth in gambling's visibility, availability, and accessibility through the proliferation of legalized casinos and gambling houses (1, 2) . In addition to the potential loss of money, research links gambling with various physical and mental health problems (3) (4) (5) . As gambling's availability and popularity have grown, so has the extent of gambling-related problems, leading to increased interest in the study of gambling and its consequences.
This article reviews the current status of gambling epidemiology studies and suggests that it is time to move from general population-prevalence research toward the investigation of risk and protective factors that influence the onset of gambling disorders. The study of incidence among vulnerable and resilient populations is a road yet to be taken. In this review, we briefly introduce the history of the field and thoroughly review the epidemiologic research on disordered gambling before providing a critical assessment of the current diagnostic tools. Overall, the extant research shows that disordered gambling is a relatively stable phenomenon throughout the world. Given that certain segments of the population (for example, adolescents and substance users) have elevated prevalence rates, we suggest focusing future prevalence studies on groups with apparently increased vulnerability. Moreover, we suggest that, for the field of gambling studies to progress, researchers need to take the road less travelled and examine more carefully the onset and determinants of disordered gambling. That said, given the problems with the current diagnostic screens, investigators need to refine their theoretical concepts and the epidemiologic tools used to examine them before the field can travel down this new road. Gambling studies grew rapidly over the last 30 years. Most gambling-related research examined epidemiology (6)-the distribution and determinants of gambling-and most of that research focused on distribution. Measuring the distribution of a phenomenon (for example, gambling) across population segments involves identifying prevalence (that is, the proportion of people with the disorder at a specific time) and incidence (that is, the proportion of people who acquire the disorder during a specific period). Measuring the determinants of a phenomenon (for example, disordered gambling) involves identifying the causes and risk factors associated with the problem of interest; incidence studies provide ideal designs to permit the identification of these factors. Currently, there are more than 200 existing studies of gambling prevalence; however, there are few true incidence studies (2, (7) (8) (9) . Further, there are few studies of the determinants of gambling and disordered gambling (5) .
As this relatively young field continues to develop, extant evidence suggests that the current course of broad, populationbased prevalence studies is nearing its end and that the field now needs to develop its measurement tools and turn to the study of determinants as its central strategy. Identifying determinants requires an understanding of both the incidence and nature of disordered gambling. Researchers can accomplish this by focusing on factors that influence population segments to 1) initiate gambling, 2) persist in gambling despite suffering a gambling-related problem or disorder, 3) stop or reduce intemperate gambling, and 4) relapse to disordered gambling states after a period of remission. Each area of understanding is central to advancing prevention and treatment efforts. If the field is to move successfully toward the study and understanding of the determinants of gambling-related problems, researchers need to improve both the theory identifying the conceptual research targets and the instruments used to measure these constructs.
This article proposes that the field of gambling studies is at a transitional point in its development: it is poised between initial descriptions of the distribution of gambling-related problems and theory-driven investigations of the proximal and distal risk factors that influence the developmental course of those problems. To this end, after giving readers a brief history of the psychiatric epidemiology of gambling studies, we will review the current assessment tools and concepts used, summarize pertinent epidemiologic findings, consider the theoretical issues facing the field as it advances toward a new era of research, and discuss the potential directions for this new wave of investigation.
Laying the Road: Defining and Identifying Gambling Disorders

Defining Intemperate Gambling as a Psychiatric Disorder
In 1980, the diagnosis of "pathological" gambling joined pyromania, kleptomania, and intermittent and isolated explosive disorders as an impulse disorder in the DSM-III of the American Psychiatric Association (APA) (10) . According to the APA, clinicians identify the presence of a gambling disorder by confirming at least 5 of 10 DSM criteria; each criterion currently carries equal weight, despite the likelihood that each differentially reflects the extent of the disorder. In addition, clinicians must determine that the pattern of excessive gambling is not caused by a manic disorder. Table 1 summarizes the most current DSM-IV criteria (11) . Taken together, the 10 diagnostic criteria derive from 3 conceptual domains often associated with addictive disorders: compulsion or craving; loss of control; and continuing behaviour, despite the presence of adverse consequences. Although the DSM-IV currently classifies pathological gambling as an impulse control disorder, many clinicians consider it to be an addiction, a label not yet included in the APA nomenclature (11) . Indeed, the DSM criteria for gambling disorders closely parallel the signs and symptoms of substance use disorders, which are commonly considered addictions (10, 11) .
Assessing the Prevalence of Gambling and Gambling-Related Problems
During the mid-1970s, on behalf of the US Commission on a National Policy Toward Gambling, Kallick and colleagues first described the nature and scope of gambling activities in the US (12) . Lacking an instrument for measuring disordered gambling, they created the Institute for Social Research (ISR) scale, an 18-item scale with items derived from related concepts and research on heavy gamblers (12) . The ISR was the first instrument to measure disordered gambling and helped stimulate large-scale gambling-related epidemiologic research.
In 1987, Lesieur and Blume developed the South Oaks Gambling Screen (SOGS) to create "a consistent, quantifiable, structured instrument that could be administered easily by nonprofessional as well as professional interviewers" (13, p 1184). These investigators used the DSM-III-R criteria (14) to guide both the development and validation of the SOGS, which rapidly became the instrument of choice among researchers estimating disordered gambling prevalence and remains the screen most frequently used to assess the presence of gambling-related problems (15) .
There are over 27 instruments for identifying disordered gambling, with many more in development; however, there is considerable debate about these instruments and what each purports to measure (15) (16) (17) . Although various instruments are available to assess the prevalence of disordered gambling, Shaffer and colleagues suggest that each instrument is best understood by considering the context of its origin, its driving motivation, its relation to funding, and its inherent strengths and weaknesses (15) . By fully appreciating the multidimensional characteristics of each instrument, investigators can better assess the validity of the estimates they produce. Although researchers constantly strive for a perfect psychiatric nosology capable of classifying every disorder accurately, it is important to remember that a map is not the territory (18) and a diagnosis is not the same as the disease (19) .
Cutpoints and Continua
Although many diagnostic schemes (for example, the DSM-IV) recognize only the presence or absence of a clinical disorder, evidence suggests that subclinical instances of most disorders are more prevalent and cause more public harm because of their greater numbers (20) (21) (22) . Consistently, gambling-related problems reside on a behavioural continuum that can range from none to a great deal. Over time, researchers and clinicians have transformed this quantitative continuum into discrete categories, using different and often confusing labels (for example, at-risk, problem, subclinical, pathological, probable pathological, extremely pathological, and compulsive).
To simplify and organize this jumble of categories, researchers have developed more inclusive categorical standards for measuring the continuum of disordered gambling behaviour. Shaffer and Hall proposed a universal system that categorizes gambling along a continuum (23) . This public health strategy allows clinical workers to separate and classify many levels of gambling-related problems by assigning a value to each level of gambling behaviour, ranging from nongambler to severely disordered gambler. In Shaffer and Hall's system, level 0 represents nongamblers, level 1 represents gamblers who do not report any gambling-related signs or symptoms, level 2 represents gamblers who are experiencing subclinical levels of gambling-related problems, and level 3 represents gamblers who meet diagnostic criteria for having a gambling disorder (Note 1). Note that gamblers can move in 2 directions within this system, either to a more disordered state (for example, from level 2 to level 3) or to a less disordered state (for example, from level 2 to level 1). This system more accurately classifies the range of gambling-related problems, more finely measures change than do dichotomous strategies (for example, the DSM-IV), and provides clinical workers with a comprehensive tool to guide the allocation of resources to gambling-related needs. Determining the point at which subclinical becomes diagnostic depends on the characteristics of each screening instrument; in addition, alternate cutpoints have been suggested for existing measures (for example, the SOGS). Because the level system includes cutpoints to determine levels for various instruments, it is descriptive rather than corrective.
The Elusive Gold Standard
Although worldwide prevalence estimates of disordered gambling seemingly reflect a relatively stable and robust phenomenon, investigators have not yet established independent markers that can distinguish gambling disorders as a unique psychiatric construct. As with most psychiatric diagnoses, the lack of a diagnostic gold standard (that is, an independent criterion that can validate the presence or absence of a disordered state) constrains the development and planning of both treatment strategies and public policy initiatives designed to ameliorate or regulate gambling-related problems. The absence of a gold standard does not suggest that disordered gambling is invalid as an underlying construct; it merely suggests that diagnostic classification-whether clinician-or instrumentbased-needs to be refined (5, 24, 25) . Fortunately, new research holds the potential for more precise physiological, neurologic, and psychological markers that will lead to greater diagnostic accuracy and validity.
Two Roads Diverge: Gambling Epidemiology Studies
Overall, population prevalence rates provide a useful measure of what proportion of people at risk for developing a problem have that problem at a given time, how the extent of the problem may have changed over time in that population, and how it compares to the rate of the target disorder in other segments of the population and in other populations. Despite the various methodologies and measures used by researchers in epidemiologic gambling studies, prevalence estimates of level 3 disordered gambling within the general adult population remain fairly stable from study to study, time to time, and place to place. Given the stability of these estimates, researchers now need to study more specific population segments and learn more about the disorder's onset and etiology. Calculating prevalence rates within population subgroups begins to clarify who is vulnerable to gambling-related problems and allows research to focus on the incidence and course of disordered gambling among these groups: improved understanding of the variation of risk and protective factors across population segments can in turn increase our ability to prevent and treat gambling disorders. The following 2 sections review research on the prevalence of disordered gambling in general adult populations and the prevalence of disordered gambling in specific population segments. The third section addresses the lack of research on the incidence of disordered gambling.
The Road Well Travelled: Population Prevalence Rates
Prevalence research has identified between 0.2% and 2.1% of the world population as past-year pathological gamblers (that is, level 3, according to Shaffer and Hall's classification system). Despite diverse social settings, these prevalence rates are remarkably similar from study to study and method to method, suggesting that the estimates are robust (26) .
US and Canadian Prevalence
Rates. In 2 metaanalyses, Shaffer and colleagues analyzed studies of disordered gambling prevalence in the US and Canada, classifying each study's prevalence estimates by gambling level (that is, level 1 = no gambling-related problems, level 2 = subclincial gambling problems, and level 3 = clinical gambling disorder). Shaffer and colleagues also grouped these estimates as either past-year or lifetime (7, 15) . By 1999, they observed that the average lifetime prevalence of level 3 gambling was 1.92% and average past-year prevalence was 1.46% (Table 2) . Shaffer and colleagues also estimated prevalence rates using other measures of central tendency less sensitive to outliers (for example, the median and a trimmed mean); these estimates were similar to the unweighted means (that is, 1.785% to 1.80% lifetime and 1.20% to 1.27% past-year).
Chronological Changes. Research has begun to address speculation about the impact of the 20th-century expansion of gambling in the US and Canada on the prevalence of gambling-related problems. Opportunities to gamble have certainly increased since the first gambling prevalence study was published in 1979 (12) : states have adopted lotteries, legalized casinos, and adapted new electronic technology for gambling. Despite this growth in gambling opportunity, national gambling surveys have measured only a small increase in past-year gambling prevalence, from 61% in 1975 to 63% in 1998 (27, 28) . Since prevalence studies began, the rate of disordered gambling has increased in the general population (26) . The first metaanalysis of prevalence studies, spanning 1975 through mid-1997, identified a positive statistically significant correlation between the year a study was conducted and past-year level 3 gambling prevalence (r = 0.56; 25). An update of Shaffer and colleagues' original metaanalysis (26) extends and supports this trend through 1999, revealing that general adult population prevalence rates estimates showed a positive statistically significant correlation between the prevalence estimates and the year in which the study was conducted (r = 0.31) (7). Within these 2 metaanalyses, study classifications that identified gambling disorders (for example, pathological gambler or probable pathological gambler) were categorized as level 3, study classifications that identified gamblers who endorsed problems but did not meet cut-off criteria were categorized as level 2, and the rest of each study sample (that is, nongamblers and nonproblem gamblers) were categorized as level 1. Lifetime levels include results from the South Oaks Gambling Screen and DSM criteria not otherwise specified. Past-year levels include results specified as past year or within the last 6 months.
Although a possible interpretation of the increased disordered gambling prevalence rates across time is to conclude a causal relation between gambling exposure and gambling-related problems (29), this is not the only plausible explanation. The effect of gambling exposure on prevalence may hold only for certain segments of the population, may vary nonlinearly over time (owing to processes such as adaptation), or may not be causal at all (5) .
Changes in Response to
Exposure. Some research has attempted to examine changes in prevalence rates as a response to the introduction of a casino or lottery into a community. Two studies of the effect of Britain's national lottery on gambling problems found limited evidence for a relation: gambling expenditure and endorsed disordered gambling symptoms increased, but the pathological gambling rate did not change (30, 31) . In Canada, studies of the impact of casino openings have also produced mixed results: one found increased reported gambling problems after the opening of a Niagara Falls casino (32), one found no such increase after the opening of a casino in Windsor (33), and one found increased reports of knowing someone with a gambling problem but no change in disordered gambling prevalence rates after a casino opened in the Hull area (34).
Shaffer, Vander Bilt, and Hall found that casino employees, a population with direct exposure to gambling, did have higher rates of level 2 and level 3 gambling than the general population (35) . Shaffer, LaBrie, and LaPlante similarly showed that Nevada counties with high exposure to gambling had higher rates of problem and pathological gambling than Nevada counties with low exposure (36).
Recent research, however, indicates that any exposure effect that does exist may relate to novelty and therefore be time-limited. For example, Volberg recently noted that several states have reported decreased gambling prevalence and stabilization of problem and pathological gambling rates since casinos were introduced (37) . Phase 2 of New Zealand's national prevalence survey, first conducted in 1991 in response to increased gambling opportunities, found a significant decrease in disordered gambling from 1991 to 1999 (38) . Shaffer and Hall also found that the elevated rates of problem and pathological gambling they observed among casino employees actually decreased over time (8) . In fact, the same analysis that showed higher disordered gambling rates in more exposed Nevada counties noted that prevalence rates were higher among new Nevada residents and short-term casino employees than in residents and employees who had presumably experienced gambling exposure for longer (36, 39) . These studies of exposure have mixed findings, but that very mix may signal the beginning of a trend toward adaptation-a nonlinear response to exposure. Studies using more systematic measures of gambling exposure are needed to test the role of exposure and adaptation in determining prevalence and incidence (see 36).
International Prevalence Rates. Recently, researchers have published prevalence estimates of disordered gambling in countries other than the US and Canada. Since all studies used either the South Oaks Gambling Screen (SOGS) or DSM criteria, cases within each study endorsing 5 or more criteria from those instruments were categorized as level 3, cases endorsing 3 to 4 criteria were categorized as level 2, and the rest of each study sample (that is, nongamblers and nonproblem gamblers) were categorized as level 1. Lifetime levels include results from the SOGS and DSM criteria not otherwise specified. Past-year levels include results specified as past-year or within the last 6 months.
countries than in the US. Nevertheless, the rates are remarkably similar, given the range of methods and measures. This consistency across settings establishes level 3 disordered gambling as a unique, detectable phenomenon. Consequently, we encourage the field to study more closely the proportion of the population (that is, 0.2% to 2.1%) who are level 3 gamblers.
The Road Less Frequently Travelled: Population-Segment Prevalence Rates
The era that emphasized general population prevalence rates is drawing to a close. When research shows stable rates of population prevalence for a particular disorder (that is, rates within a range), epidemiologists typically begin to focus on population segments with higher or lower rates of the disorder than the general population (5, 40, 41) . For example, other successful studies of psychiatric epidemiology have taken a similar turn toward the road less travelled:
After identifying illness base rates in the population, the ECA [Epidemiologic Catchment Area] study was to identify high-risk subgroups within the population, those with unusually high rates of illness as well as groups with unusually low rates. In addition to providing profiles of individuals at unusually high risk for developing an illness, such a strategy allows testing of causal hypotheses. While it is unlikely that a single cause of mental disorders will be found, just as no single cause explains cancer or heart disease, the eventual aim of epidemiological research is to identify specific components in a causal chain of factors that produce an illness. For factors, that are amenable to change, direct interventions may be designed to reduce rates of illness in a population (42, p 3 ).
This practice gives investigators the opportunity to identify high-risk (that is, vulnerable) and low-risk (that is, resilient) population segments. As Table 4 illustrates, epidemiologic research reveals that disordered gambling prevalence varies along many demographic dimensions. In the following discussion, we describe these primary dimensions in more detail.
Age
Adolescence. Many aspects of problem behaviours emerge during adolescence. Compared with adults or those younger, adolescents are more likely to take drugs (43), act delinquently (44) , and commit serious crimes (45) (see 46 for a review of this literature). Jessor and Jessor have posited a "problem behaviour syndrome" to explain this multifaceted increase (47) . Some researchers (for example, 48) suspect that gambling may be another facet of this syndrome, implying that the prevalence of gambling-related problems in adolescents may be similarly inflated. Indeed, prevalence studies have consistently shown that adolescents evidence higher rates of problem and pathological gambling than adults. Across 32 studies of adolescent problem gambling prevalence, Shaffer and Hall found pathological and problem gambling rates to be almost twice those of adults (7) ( Table 4) .
Despite higher overall prevalence, during the second half of the 20th century prevalence rates of adolescent gambling disorders have not shown the increase observed in adult rates (7, 49) . It may be that individuals who engage in underage gambling are not affected by the increased availability of legal gambling because they are engaged in less mainstream forms.
College. College students are another population segment of interest. Alcohol consumption has reached and maintained alarming levels on college campuses-almost one-half of (7), subjects endorsing 5 or more criteria from the South Oaks Gambling Screen (SOGS) or DSM were categorized as level 3, subjects endorsing 3 to 4 criteria were categorized as level 2, and the remaining subjects in each study sample were categorized as level 1. Within Shaffer and Hall (7), study classifications that identified gambling disorders were categorized as level 3, study classifications that identified gamblers who endorsed problems but did not meet cut-off criteria were categorized as level 2, and the rest of each study sample were categorized as level 1. Lifetime levels include results from the SOGS and DSM criteria not otherwise specified. Past-year levels include results specified as past-year or within the last 6 months. a Lifetime pathological rates based on 3 aboriginal general population studies cited in Wardman and others (60); lifetime problem rates based oncollege students can be classified as binge drinkers (50)-and has been a public concern for some time. More recently, public policy and epidemiologic attention has turned toward college gambling. Whether the alcohol phenomenon is an artifact of college culture or an extension of adolescent problem behaviour, many researchers have hypothesized that as gambling opportunities become more available, college students' gambling habits may mirror their excessive drinking habits (for example, 51). The 19 college studies included in Shaffer and Hall's metaanalysis confirm these suspicions (see Table  4 ). Aggregated, these studies yield a 5.56% prevalence rate of level 3 gambling and a 10.88% rate of level 2 gambling among college students-estimates that are even higher than those found among adolescents. More recently, Oster and Knapp observed similarly elevated rates of level 3 gambling in their college student samples (52) .
In contrast to these elevated estimates of gambling prevalence, a recent longitudinal study of Missouri college students found that fewer than 1.0% could be classified as pathological gamblers (9) . The discrepancies among the rates observed in these studies might be owing in part to the convenience sampling strategy used in most college studies and in part to different time frames (for example, past year or lifetime), instruments, and diagnostic cutpoints. The single study of gambling prevalence among a scientifically selected national sample of college campuses found gambling involvement to be similar to that of adults (53) .
The Elderly. Older adults are a population with lowerthan-average prevalence of gambling-related problems. They were not considered at risk for gambling problems until the recent expansion of opportunities for older adults to get involved in activities such as casino trips, bingo, and lotteries. This development has led to speculation that the elderly may be a population segment newly vulnerable to gambling problems; however, representative prevalence studies have not yet been conducted. Nevertheless, research has shown that elderly involvement in gambling increased by 45% between 1975 and 1998 (27) and that gambling trips are some of the most frequented activities by senior citizens in retirement centres (54) . Research also shows that elderly people who participate in such outings report greater social support in their lives than those who do not (55) . More studies are needed to determine the consequences of increased access to gambling opportunities for the elderly.
Sex
Sex differences in both gambling and gambling problems have been well-documented. In general, men gamble more than women and are more likely to have gambling problems (12, 29, 37 ) (see Table 4 ). Across the years, however, prevalence rates of gambling and disordered gambling among women have increased (28) , and some researchers have found that men and women have comparable rates of gambling problems (56, 57) . In addition, women who do gamble appear to develop gambling problems more quickly than men (58) .
Research has begun to investigate the mechanisms behind these differences, studying the kinds of games men and women play (58, 59) and their motivation for playing (57) . However, more work is needed to understand the trajectories that lead men and women to gambling-related problems.
Ethnicity
Several research studies have found that ethnic minority groups have a higher prevalence of gambling-related problems and are at greater risk of gambling problems than whites. In a review of studies across 5 states, Volberg found that 80% of the general population sampled were white, but only 64% of the identified pathological gamblers were white (29) . Native Americans, specifically, are a population vulnerable to gambling-related problems. In a review of studies of Native American gambling, Wardman and colleagues observed prevalence rates of problem and pathological gambling 5 to 15 times greater than rates in the general population (60) (see Table 4 ). Further, recent research by Petry and colleagues has found elevated rates of gambling disorders in a sample of 96 Southeast Asian refugees-a level 3 prevalence of 59% (61) . Australian research in a convenience sample from a Chinesespeaking community found that 7.8% scored 5 or higher on the SOGS (meeting diagnostic criteria for pathological gambling on that measure) (62) . Although the studies do not provide national prevalence estimates for these ethnic groups, the elevated rates in these 2 populations deserve further investigation. It may be that gambling's integral role in Native American and Asian cultures contributes to the increased prevalence in these groups. By addressing such a hypothesis, researchers can learn more about which groups are at risk and also about the mechanisms behind that risk.
Socioeconomic Status
Studies have identified higher rates of gambling-related problems among samples with lower socioeconomic status (SES). Although individuals from this population segment tend to gamble less money than those in higher SES brackets, their gambling involves a higher proportion of their personal income (63) . This disproportionate spending can have important adverse consequences. Welte and colleagues found that 5.6% of participants in the lowest SES bracket of their study could be classified as pathological gamblers, compared with only 1.6% of participants in the highest SES bracket (28) . Individuals suffering from disordered gambling are more likely than the general population to be high school dropouts (29) and unemployed (64) . Samples of homeless people seeking substance abuse treatment (65) and people receiving community services (66) show higher prevalence rates of disordered gambling than the general population.
Mental Health
Although pathological gambling is listed in the DSM as a distinct disorder, it often cooccurs with other mental disorders. In a seminal review of comorbid conditions and gambling, Crockford and el-Guebaly observed that gamblers in general, and those suffering from disordered gambling in particular, had elevated rates of mental illness (3) . Pathological gamblers were 6 times more likely to have antisocial personality disorder than the general population; between 25% and 63% reported having had a substance use disorder at some point (3). Depression and attention deficit disorder are also more common in those suffering from disordered gambling than in the general population (3, 67) . The relations between disordered gambling and these other disorders suggest common underlying mechanisms (see [68] [69] [70] or multiple trajectories by which people can develop disordered gambling.
Taken together, this body of epidemiologic research on special populations reveals that various population segments evidence different prevalence rates of disordered gambling or other gambling-related problems. Why these rates differ is not yet clear, nor are the causal factors that underlie these differences. Conceptual advances are necessary to identify the proximal and distal determinants influencing different prevalence rates across population segments. As new models and theories explain the causal relations among the possible set of determinants, it will become increasingly possible to match prevention and treatment efforts to specific population segments.
The Road Not (Yet) Taken: Incidence Studies
Although prevalence estimates provide measures of the distribution of gambling-related problems within the population, between different populations, and within population subgroups, these estimates reveal little about the onset of problem gambling or how exposure to gambling opportunities influences that onset. Although changes in prevalence rates can and often do reflect changes in incidence, we show in the next section that this is not a necessary relation. Despite the importance of studying incidence as a source of information about the development of gambling problems, few studies include incidence estimates. Those that do exist are all prospective studies; these have found evidence that pathological gambling is an intermittent problem and not the chronic, progressive disease often portrayed (8, 9, 71) . For example, in 1999, Phase 2 of New Zealand's national gaming survey reinterviewed some participants from the 1991 survey. Three-quarters of 1991 past-year pathological gamblers no longer met the criterion in 1999, and one-half did not even qualify as past-year problem gamblers (38) . More prospective studies are needed to provide information about the course and determinants of disordered gambling.
Road Hazards: Current Issues for the Epidemiology of Gambling
Epidemiologic prevalence studies, as described above and elsewhere, have contributed to a fundamental understanding of gambling and gambling-related disorders. These estimates are only the beginning of the story, however. After establishing population-based prevalence estimates for illness, researchers must begin to identify the factors that determine the development of gambling-related problems. Once this more complex research emerges, new and improved primary and secondary prevention efforts can commence. Researchers must also more closely scrutinize the methods and procedures used to derive existing prevalence and risk estimates. This undertaking will allow researchers and treatment providers to identify more accurately the nature and extent of gambling disorders and related problems for specific population segments and geographic regions. In the following section, we review 3 central issues that limit the usefulness of many existing prevalence estimates: the stability of gambling over the lifetime, screening consistency, and diagnostic immaturity.
Individual Variability vs Aggregate Stability
As described previously, regardless of instrumentation, national and international estimates of past-year and lifetime problem and pathological gambling are more often similar than not. This is true even within such special populations as the elderly and youth. At first glance, this suggests that the disorder is chronic, that is, relatively unchanging over time.
Closer scrutiny reveals that this is not necessarily accurate. Since Shaffer and colleagues first proposed that gamblers with symptoms were moving in 2 directions-both toward and away from more disordered states-additional evidence has emerged to support this view (15, 72) . The first prospective, longitudinal research studies demonstrated that people with gambling-related problems move in and out of disordered states much more than was indicated by cross-sectional research (8, 9, 73) . For example, a 3-year follow-up study of casino employees demonstrated that, over time, more employees improved than worsened their gambling status (that is, they showed a less severe level of disorder) (8) . Similarly, throughout the 11 years of a longitudinal study with 4 assessment periods, the overall prevalence of participants with at least 1 past-year problem remained steady at 2% to 3%, but different subjects contributed to these rates during the study (9) . Within the study sample, young individuals who experienced and subsequently conquered a gambling problem were highly unlikely to report a problem at subsequent follow-ups. In a 1-year follow-up study, Wiebe and colleagues found that more than 50% of Ontario participants initially classified by the Canadian Problem Gambling Index as at-risk gamblers and 26% of participants initially classified as moderate problem gamblers screened as nonproblem gamblers or nongamblers during follow-up (71).
The stability of prevalence rates results from people moving in and out of disordered gambling levels at approximately the same rate. In other words, aggregate prevalence estimates obscure individual disorder trajectories. This phenomenon unfortunately disguises important changes and trends among individual gamblers and misleads observers into thinking that the disorder is more chronic than it is.
Instrumentation
In addition to obscuring individual trajectories, aggregate prevalence rates obscure the differences among screening instruments. An issue widely ignored by investigators is that different instruments tend to identify different people as having a gambling disorder. This suggests that these measures evaluate different dimensions associated with gambling involvement. Because different screens will yield different diagnoses, researchers, clinicians, and diagnosticians need to understand the various dimensions of disordered gambling that each instrument measures. Lack of clarity can lead to mismatched treatment and, therefore, less-than-optimal treatment outcomes. Instrumentation discrepancy is also a concern for epidemiologists trying to accurately estimate the prevalence of gambling disorders. Case-identification disagreements only become visible when multiple screening instruments are applied to the same group of people.
Interscreen Agreement
Generally, when investigators apply screening instruments to gambling populations with clinical disorders, the different instruments yield high total scores, regardless of the dimensions measured, because this population segment tends to score positively on all or most of the disorder's dimensions. Consequently, the lack of classification agreement between instruments occurs when scientists apply them to the general population. Stinchfield, for example, compared the SOGS and the DSM-IV diagnostic criteria and reported "good classification accuracy in the gambling treatment sample" but "poorer classification accuracy in the general population . . . with a high false positive rate of 0.50" (17, p 12-13) . In a study of the Nevada general population (39), Volberg administered both the SOGS and the National Opinion Research Center (NORC) DSM-IV Screen for Gambling Problems (NODS; 27) and reported a low correlation between total SOGS and NODS scores for the current year time frame (r = 0.47).
Inspection of the cross-classification of Nevada residents by the current-year SOGS and the lifetime NODS (Note 2) suggests that the existing statistical agreement (for example, correlation) between instruments results from the similar classification of people with no problems. Of the 567 survey participants who endorsed no problems on one or the other instrument, both instruments classified two-thirds (65%) as having no problems. Agreement between the instruments was lower for the other reported categories of problem severity: 21% agreement for people with 1 or 2 problems; 11% agreement for those with 3 or 4 problems; and as expected, given the better accuracy of recognizing severe levels of problems, 33% agreement for people with 5 or more problems.
To date, researchers have responded strategically to these problems by simply developing more instruments. More than 30 screening tools are now available to assess gambling-related problems. So far, this proliferation of instruments has done more to confirm the problem than to rectify it.
Researchers ought instead to consider defining the dimensional structure of their screens so that psychometricians can develop a comprehensive universal screen.
Dimensions of Disordered Gambling: An Illustration
Inconsistency among measured dimensions is problematic for many reasons and likely contributes to interscreen discrepancy. Although a comprehensive illustration of this problem is beyond the scope of this paper, we will digress briefly to present a hypothetical example. Let us start by assuming that the concept of disordered gambling is multidimensional and accept the following premises.
Premise 1. Disordered Gambling Has 5 Dimensions (that is, A, B, C, D, and E).
When researchers constructed their screening instruments, they identified and consequently measured different dimensions. Given that the number of dimensions is not infinite and researchers were studying roughly the same phenomenon, we also assume that there is some commonality in the dimensions that different screens measure.
For this discussion, consider 2 instruments that 1) measure 1 common dimension and 2) evaluate 2 dimensions unique to each instrument. For this assumption, let us accept the following premise.
Premise 2. Test 1 Measures Dimensions A, B, and C; Test 2
Measures Dimensions A, D, and E. Let us also assume that each dimension is independent and equally representative of a gambling disorder (Note 3). Since most measurement devices score by summing the number of items endorsed and use cut-offs for determining the extent of problems, we will use a hypothetical scoring level of multiple items endorsed from 2 or more dimensions (that is, positive responses to 2 or more items within each of 2 dimensions) to indicate the presence of an underlying disorder (specifically, level 3 gambling).
For Test 1 to identify an individual as having level 3 problems, the individual would need to exhibit one of the following endorsement patterns: ABC, AB, AC, or BC. For Test 2 to identify an individual as having level 3 problems, the individual would need to show one of the following endorsement patterns: ADE, AD, AE, or DE. There are 10 opportunities for common identification across the 2 screening tests. Of these 10, 5 combinations include the common dimension A and would classify the same subjects into the highest level of gambling severity (Table 5) . Consequently, the likelihood of randomly assigning the same people with gambling problems to level 3 is about 50% under the assumptions of independence and equal probability of symptom occurrence.
The Nevada study confirms this illustration. In it, 40% of the participants identified by the NODS or SOGS as having gambling problems were classified as level 3 by both instruments (39) .
This exercise can be repeated for any level of gambling disorder. Even less congruency is obtained at lower levels of gambling disorder because fewer endorsed items are needed. Because the levels of gambling disorder also have different probabilities of being observed in the public, the extent of congruent classification depends on the relative frequency of the levels. For example, adjusting the random agreement in level 3 classification (P = 0.50) by the prevalence of level 3 gambling in gamblers who endorse at least 1 problem (that is, 15%, as recently provided in the SOGS estimates in the Nevada household population study; 39) yields an agreement of 8%.
Consequences of Incomplete Dimension Coverage
The hypothetical scenario described above reasonably replicates the results of comparative studies of existing gambling screening instruments, because each of these tests incompletely covers the dimensions underlying gambling disorders. This lack of completeness might be traced to the populations (for example, gamblers in treatment, members of Gamblers Anonymous, or general household populations) and purposes (for example, screening for risk, diagnosis, and prevalence) influencing the development of these instruments; it might also be traced to limited awareness of the dimensions that a screen actually assesses. As long as clinicians and epidemiologic screens fail to identify the full set of dimensions underlying gambling disorders, incongruent classification will continue to create diagnostic problems and compromise the accuracy of population-prevalence estimates.
The scenario above also replicates the results of existing psychometric research: the unidimensional additive scoring of screening instruments is inadequate to represent a multidimensional latent state. The method of summing endorsed characteristics assumes that all dimensions exist on the same additive continuum and that all dimensions equally predict gambling disorders (Note 4). This means that certain patterns of gambling (for example, chasing), consequences of gambling (for example, stealing to pay off gambling debts), classic symptoms (for example, withdrawal), and even relatively benign experiences (for example, losing more than intended) all apply psychometric force in the same direction. This equivalence is highly unlikely and misleading.
Diagnostic Immaturity
The instrumentation problem suggests that different instruments ignore multiple dimensions of gambling disorders, because each instrument tends to identify preferred aspects of the disorder and to ignore other characteristics. However, gambling instrumentation faces other problems as well. Most are due to the recent development of many screens and the scientific youth of the field in general. The following discussion considers 3 fundamental instrumentation problems associated with estimating gambling disorder prevalence: the arbitrariness of the dimensions that screening instruments measure, the utility of different self-report time frames, and general problems associated with self-report.
To start, the dimensions different screens measure and the ways in which they measure them (for example, by assessing behaviour or attitudes or cognitions) are often arbitrary. However, little to no research has examined the relative importance of different dimensions and the validity of different methods of assessing those dimensions. This situation contributes to interscreen discrepancy for reasons similar to those described above.
Different screens use different time frames for self-report. The most common time frames are the past 6 months, past year, and lifetime. Lifetime frames are problematic, because assessment screens do not consider in their calculations the time period for which individuals confirm diagnostic criteria; self-report of the past 6 months and past year probably do not run this risk. In the SOGS, for example, persons aged 60 years might confirm 5 items over the course of their life and be Finally, all gambling screens suffer from the common burdens of self-report (such as self-presentation bias or faulty memory). The accuracy of self-reported behaviours is questionable; as well, self-report is scientifically and clinically undesirable, because it forces individuals to virtually self-diagnose. Individual self-reports of problems frequently contradict assessments gleaned from psychiatric measures (75, 76) . Further, the self-report of past behaviours and attitudes is problematic because the strategy uses the disorder's consequences to identify its existence. This circular reasoning can lead to overestimating gambling disorders: not everyone with a problem has an underlying psychological disorder. More time and research should be spent on developing advanced, unobtrusive diagnostic tools that do not rely on self-reported behaviours and attitudes. Some of these tools might include functional magnetic resonance imaging, event-related potential, neurochemical analysis, psychophysiological assessment, and reaction time measures.
The Road Ahead: Conclusions and Future Directions
The epidemiologic study of gambling has reached a crossroads. Globally, research on the distribution of gambling has revealed an apparently robust and reliable phenomenon among adult populations. In this article, we suggest that prevalence studies of the general population based on existing instrumentation have matured sufficiently for this strategy to be no longer fruitful. General-population incidence studies remain rare and should provide an important source of information about the nature of gambling-related problems, as will general-population prevalence studies that use more refined measures sensitive to the influence of new cases, relapses, and recoveries on prevalence rate fluctuations. However, as with more mature areas of epidemiologic inquiry (for example, those that have an incidence literature), the next path for the epidemiologic study of gambling should include segments of the population vulnerable to the development of gambling disorders. This turn in the road represents a strategic shift away from studies of gambling distribution and toward studies of gambling determinants. To adequately study the determinants of disordered gambling, scientists must improve theoretical models that identify causal paths and clarify the dimensions that underlie gambling-related problems. These advances will permit-perhaps even encourage-the development of better psychometric tools. Taken together, these changes will require the implementation of prospective incidence studies of vulnerable population segments. The road ahead is demanding and filled with difficult hazards. However, journeying the road less travelled encourages the epidemiology of gambling disorders to become more meaningful for prevention and treatment efforts. Finally, once scientists and clinicians distinguish and implement influential prevention and treatment protocols for vulnerable populations, the road less travelled and the road well travelled will converge. These 2 strategic paths should inform one another and encourage a recursive and integrated public health research strategy (41) . As both roads become well travelled by repeated investigative cycles of whole populations and vulnerable population segments, scientists and clinicians will gain a more precise definition and comprehensive understanding of the development of gambling, as well as its potential positive and negative consequences.
Notes
1. Shaffer and Hall's system also defines level 4 gamblers as those who seek treatment for gambling-related problems (23) . Typically, treatment seekers emerge from level 3 gamblers; however, level 2, and even level 1, gamblers will occasionally seek assistance. Level 1 gamblers seeking treatment can be thought of as having pseudoaddiction (77) .
